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RESUMO 
A análise de dimensão fractal (DF) demonstra, de forma numérica, a complexidade 
de estruturas consideradas fractais, como o osso alveolar, por isso o objetivo nesse 
estudo foi avaliar a influência da resolução espacial, da resolução de contraste e de 
filtros de aprimoramento digital no valor de DF de imagens radiográficas do osso 
alveolar. Para isso foram selecionadas 20 regiões anatômicas de molares em 10 
mandíbulas humanas secas e adquiridas cinco repetidas radiografias periapicais de 
cada região utilizando o sistema radiográfico digital VistaScan. Todas as imagens 
foram adquiridas pelo aparelho radiográfico Focus ajustado para operar a 70 kVp, 7 
mA, com tempo de exposição de 0,16 s e distância foco-receptor de 30 cm, 
utilizando uma única placa de fósforo. As imagens foram escaneadas sob duas 
resoluções espaciais (1270 dpi e 2000 dpi) e, para cada imagem original, três filtros 
de aprimoramento de imagem foram aplicados: Fine, Endo e Perio. Posteriormente, 
todas as imagens foram exportadas em TIFF sob dois níveis de resolução de 
contraste (8 e 16 bit). Por meio do software ImageJ, uma região de interesse foi 
selecionada sobre o trabeculado ósseo alveolar e o valor de DF foi calculado pelo 
método box-counting diferencial do plugin FracLac. A função Macro do referido 
software foi utilizada para garantir que a mesma região fosse selecionada em todas 
as imagens. O teste ANOVA multifatorial com post-hoc de Tukey foi realizado para 
comparar os valores de DF entre as imagens radiográficas com diferentes 
resoluções espaciais, resoluções de contraste e filtros de aprimoramento. Os 
resultados obtidos mostraram que os valores de DF não diferiram significativamente 
entre 8 e 16 bits (p>0,05) e, com exceção das imagens com filtro Perio, foram 
significativamente maiores para 1270 dpi. Os filtros Endo, Perio e Fine diferiram 
significativamente entre si (p≤0,05), sendo que o filtro Fine foi significativamente 
menor (p≤0,05) e não diferiu significativamente da imagem original (p>0,05). Dessa 
forma, concluiu-se que a análise de dimensão fractal é influenciada pela resolução 
espacial e alguns filtros de aprimoramento digital de imagens radiográficas do osso 
alveolar; portanto, as características da imagem e processamento devem ser 
padronizadas para essa finalidade. 
Palavras chave: Fractais. Osso trabecular. Radiografia dentária digital. 
Intensificação de imagem radiográfica. Processamento de imagem Assistida por 
computador.
 
 
ABSTRACT 
The fractal dimension (FD) analysis demonstrates numerically the complexity of 
structures considered as fractals, such as the alveolar bone, thus the objective of this 
study was to evaluate the influence of spatial resolution, bit depth and digital 
enhancement filters on the FD value of radiographic images of alveolar bone. For this 
purpose, 20 anatomical regions of molars were selected in 10 dry human mandibles 
and five repeated periapical radiographs were obtained from each region using the 
VistaScan digital radiographic system. All images were acquired by the Focus dental 
X-ray, adjusted to operate at 70 kVp, 7 mA, exposure time of 0.16 s and a focus-
receptor distance of 30 cm, using a single phosphor plate. The images were scanned 
under two spatial resolutions (1270 dpi and 2000 dpi) and, for each original image, 
three image enhancement filters were applied: Fine, Endo and Perio.. Subsequently, 
all images were exported in TIFF under two levels of bit depth (8 and 16 bit). Using 
ImageJ software, a region of interest was selected on alveolar bone trabeculation 
and the FD value was calculated using the differential box-counting method of the 
FracLac plugin. The Macro function of said software was used to ensure that the 
same region was selected on all images. The multivariate ANOVA test and post-hoc 
Tukey were performed to compare the FD values between radiographic images with 
different spatial resolutions, bit depths and enhancement filters. The results showed 
that FD values did not differ significantly between 8 and 16 bits (p> 0.05) and, except 
for images with Perio filter, were significantly higher for 1270 dpi. The Endo, Perio 
and Fine filters differed significantly (p≤0.05), and the Fine filter was significantly 
smaller (p≤0.05) and did not differ significantly from the original image (p> 0.05). 
Thus, it was concluded that fractal dimension analysis is influenced by spatial 
resolution and some filters of digital enhancement of radiographic images of alveolar 
bone; therefore, image characteristics and processing should be standardized for this 
purpose. 
 
 
 
Key-words: Fractals. Trabecular bone. Dental digital radiography. Radiographic 
image enhancement. Image processing, computer-assisted.  
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1 INTRODUÇÃO 
 A análise fractal, que é expressa numericamente como dimensão fractal (DF), 
é um método objetivo e quantitativo adequado para expressar a complexidade de 
estruturas. O valor de DF para imagens bidimensionais varia de 1 a 2 e para 
imagens tridimensionais de 2 a 3, sendo que valores maiores de DF indicam 
estruturas mais complexas (Mandelbrot, 1983; Harrar e Hamami, 2008; Kwak et al., 
2016; Arsan et al., 2017). Desde a sua introdução, vários estudos vêm sendo 
desenvolvidos utilizando esse método em diferentes campos da ciência, como na 
engenharia (Guida et al., 2017), física (Rajkumar et al., 2017) e geofísica (Kagan, 
2007). Na Odontologia, a análise fractal também tem se tornado alvo de estudos, em 
particular na Radiologia, em que, a partir de radiografias digitais e técnicas de 
análise de imagem, a DF possibilita avaliar a arquitetura do trabeculado ósseo, por 
fornecer uma descrição global da complexidade na imagem (Lopes e Betrouni, 2009; 
Soğur et al., 2013; Pauwels et al., 2015). 
A avaliação do trabeculado ósseo permite trazer informações adicionais, 
como densidade, microestrutura, anisotropia e conectividade (Majumdar et al., 
1999), que não são visíveis a olho nu, garantindo, portanto, uma maior eficiência de 
diagnóstico (Soğur et al., 2013; Arsan et al., 2017). Por isso, o trabeculado ósseo 
tem sido objeto de pesquisas que buscam obter o valor de DF de uma região 
específica e associar esse valor, que caracteriza a sua complexidade representada 
na imagem, com aspectos clínicos de pacientes com diferentes condições, como 
desordem temporomandibular e alterações osteoartríticas (Arsan et al., 2017), 
hiperparatiroidismo primário (Ergün et al., 2009), osteogênese imperfeita (Apolinário 
et al., 2016), osteoporose (Geraets e Stelt, 2000; Harrar e Hamami, 2008; Oliveira et 
al., 2013; Sindeaux et al., 2014), ou para analisar maturação de sutura ou torque de 
inserção de implantes dentários (Kwak et al., 2016; Suer et al., 2016). Entretanto, 
ainda existem muitas controvérsias em relação a esse método. (Ergün et al., 2009; 
Baksi e Fidler, 2011, 2012; Oliveira et al., 2013; Sindeaux et al., 2014). Não se sabe 
ao certo se as diferenças observadas em valores de DF são resultado de diferenças 
reais da estrutura óssea observada na imagem ou de diferenças no método para 
obtenção do valor de DF (Lopes e Betrouni, 2009).  
 Como a definição do trabeculado ósseo na imagem radiográfica determina o 
valor de DF, questiona-se se a mudança no número de tons de cinza poderia 
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aumentar a diferenciação entre as trabéculas e o espaço medular e assim interferir 
no valor de DF. Relaciona-se, então, a resolução de contraste, que também é 
expressa como profundidade de bit, e representa o número máximo de tons de cinza 
que uma imagem apresenta. Ao escolher uma profundidade de 8 bit para a imagem 
adquirida, isso significa que tal imagem poderá ter até 256 tons de cinza, enquanto 
que para uma profundidade de 16 bit, o número de tons de cinza aumenta para 
65.536, caracterizando, um aumento também na diferenciação entre as densidades 
na imagem radiográfica (Heo et al., 2008; Heo et al., 2009; Wenzel et al., 2009; 
Vandenbergh et al., 2011). 
Considerando que os limites trabeculares são importantes para o cálculo de 
DF na radiografia digital, deve ser dada atenção à resolução espacial, que está 
relacionada com a nitidez da imagem e é a capacidade de distinguir detalhes e 
observar os limites de um objeto em uma imagem através da medida de pares de 
linha por mm (lp/mm) ou pontos por polegada (dpi) (Wenzel e Møystad, 2010; 
Nejaim et al., 2016). Ainda, muitos filtros vêm sendo aplicados atualmente na 
imagem radiográfica digital com a intenção de melhorar a qualidade da imagem. 
Alguns desses filtros atuam aumentando a nitidez, o que gera um realce dos limites 
entre regiões com intensidades diferentes, porém tal realce pode aumentar o ruído 
ou o contraste local (White e Pharoah, 2015).  
A alteração da resolução espacial e o tempo de exposição já demonstraram 
causar mudanças significativas na análise fractal em um sistema de placa de fósforo 
(Baksi e Fidler, 2012). Além disso, estudos que avaliaram subjetivamente imagens 
com e sem aplicação de filtros de aprimoramento em imagens provenientes de 
sistemas de placa de fósforo obtiveram diferença estatística significante na acurácia 
de diagnóstico entre as imagens originais e imagens com alguns tipos de filtros (de 
Azevedo Vaz et al., 2013; Nascimento et al., 2015). Por isso, torna-se pertinente 
investigar se a aplicação de filtros reflete no método objetivo, que é a análise de DF. 
Dessa forma, o objetivo no presente estudo foi avaliar a influência da resolução 
espacial, resolução de contraste e filtro de aprimoramento no valor de DF do osso 
alveolar. 
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2 ARTIGO 
Esse artigo foi submetido à apreciação, visando a publicação, ao periódico 
“Clinical Oral Investigations”, considerado Qualis A1 pela CAPES. A estruturação do 
artigo baseou-se nas “Instruções aos autores” preconizadas pela editora do 
periódico. 
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ABSTRACT 
Objectives. To evaluate the influence of spatial resolution, bit depth and 
enhancement filters on the fractal dimension (FD) of radiographic images of alveolar 
bone. 
Methods. Periapical radiographs of dry human mandibles were obtained using the 
VistaScan system (Dürr Dental, Beitigheim-Bissingen, Germany). The phosphor 
plates were scanned under two spatial resolutions – 1270 dpi and 2000 dpi – and the 
original acquisition subjected to three image enhancement filters: Fine, Endo, Perio. 
All images were exported in 8- and 16-bits. A region-of-interest was selected on the 
alveolar trabecular bone and the FD value was calculated by means of the differential 
box-counting method, using the FracLac plugin from the ImageJ software. The 
multivariate ANOVA test followed by post-hoc Tukey compared the FD values 
obtained from radiographic images with different specifications (α=0.05). 
Results. No significant difference was observed between the FD values obtained 
from 8- and 16-bit images. Except for the Perio filter, FD values were significantly 
higher for images at 1270 dpi. Regarding the enhancement conditions, FD values 
were significantly greater for the Perio filter, followed by the Endo filter. The Fine filter 
had the significantly lowest FD values and did not differ significantly from the original 
image.  
Conclusions. Fractal dimension analysis of phosphor plate-based radiographic 
images of alveolar bone is influenced by the spatial resolution and some digital 
enhancement filters; therefore, image specifications should be standardized for this 
purpose. 
Clinical Relevance. Standardization of digital radiographic image specifications is 
important in the FD analysis of the alveolar bone. 
Key-words: Fractals; Trabecular bone; Dental digital radiography; Radiographic 
image enhancement; Image processing, computer-assisted.
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INTRODUCTION 
The fractal analysis is an objective and quantitative method to express the 
complexity of structures and is numerically represented as fractal dimension (FD); 
higher FD values indicate more complex structures and vice-versa [1–3]. Numerous 
studies have been developed using FD in different fields of science, such as 
engineering [4], physics [5] and geophysics [6]. In dentistry, it has also been used in 
the evaluation of the radiographic aspect of the trabecular bone architecture [7–9]. 
The FD analysis of the trabecular bone can add information that is not often 
visible to the human naked eye, which may contribute to greater diagnostic accuracy 
[3, 8]. However, controversial outcomes have been observed from studies that 
correlated FD values with different clinical conditions, such as temporomandibular 
disorder and osteoarthritic alterations [3], hyperparathyroidism [10], osteogenesis 
imperfecta [11], osteoporosis [1, 12, 13], suture maturation or implant insertion torque 
[2, 14]. It is not clear yet whether the observed differences in FD values represent 
actual changes in bone structure or limitations of the FD analysis [7]. 
Because the FD analysis is obtained from a digital image, the final outcomes 
can be influenced by many factors, which, at times, have not been considered in 
previous studies. Among the most important ones, there are the spatial resolution, bit 
depth and image enhancement. The spatial resolution, also referred to as sharpness 
or blurriness, represents the capability of an image to distinguish two objects. The bit 
depth, also referred to as contrast resolution, indicates the capability of a digital 
imaging system to produce images with the most accurate level of grey to depict 
structures of very similar physical properties. The digital image enhancement is a 
post-processing collection of methods that operate on an image aiming to enhance 
particular features, such as edges and contracts, to increase diagnostic accuracy. 
Considering the potential contribution of the FD analysis in the diagnostic 
process, the aim of this study is to evaluate the influence of spatial resolution, bit 
depth and enhancement filters of phosphor-plate based radiographic images on the 
FD value of alveolar bone. 
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MATERIALS AND METHOD 
Radiographic acquisition 
 After the approval by the local institutional research ethics committee (protocol 
#88145018100005418), ten dry human mandibles were selected for the present 
study. Five repeated periapical radiographs were obtained using the paralleling 
technique from 20 posterior anatomical regions with the aid of an acrylic device that 
allowed for standardized positioning. Also, a 24-mm-thick acrylic plate was placed 
between the radiation source and the mandible to simulate soft tissue attenuation 
and scattering. 
 All radiographic acquisitions were made using the same phosphor plate of size 
2 from the VistaScan digital radiographic system (Dürr Dental, Beitigheim-Bissingen, 
Germany) and the FOCUS dental X-ray (Instrumentarium, Tuusula, Finland), 
adjusted to operate at 70 kVp, 7 mA, exposure time of 0.16 s and a focus-receptor 
distance of 30 cm. 
 Each anatomical region was X-rayed in two spatial resolutions – 1270 dpi (25 
lp/mm) and 2000 dpi (40 lp/mm) – using the DBSWIN software (Dürr Dental). 
Subsequently, each image was subjected to three digital image enhancement filters: 
Fine, Endo and Perio, and exported as TIFF file format under two bit depths: 8- and 
16-bits. This methodological design resulted in 16 evaluation conditions (2 spatial 
resolutions X 2 bit depths X 4 enhancement conditions) (Fig. 1) with a total of 1600 
radiographic images (16 evaluation conditions X 20 anatomical regions X 5 
repetitions). 
16 
 
Fig. 1 Representative radiographic images under different conditions of spatial resolution, bit depth and image enhancement 
17 
 
Fractal dimension analysis 
 A square region-of-interest (ROI) of 240x240 pixels was selected in the 1270 
dpi images and of 377x377 pixels in the 2000 dpi images on the alveolar trabecular 
bone, avoiding anatomical structures such as the periodontal ligament space, dental 
roots and mandibular canal. The ROIs of the same anatomical region were 
positioned in the same place in all images by using the Macro function of the ImageJ 
software (Fig. 2). Each ROI, after being binarized and outlined (Fig. 3), had the FD 
value calculated using the differential box-counting method, implemented by Sarkar 
and Chaudhuri (1994) [15] to analyse images in grey scale, from the ImageJ/Fiji 
software (version 2.0.0), a public domain software developed by the National 
Institutes of Health (NIH-USA), coupled with the FracLac plug-in 
(https://imagej.nih.gov/ij/plugins/fraclac/FLHelp/Introduction.htm). The maximum box 
size was adjusted at 45% of the ROI size, the minimum box size was two pixels, and 
the box series was linear [16]. Binarization is a process that converts an image to 
black and white based on a specific threshold. In the present study, the threshold (T) 
was automatically calculated as follows: T = (average background + average 
objects)/2, having the medullary space as the background and the bone trabeculae 
as the object. Additionally, the outline process contours the pixels of the structures of 
a binary image (https://imagej.nih.gov/ij/docs/menus/process.html). 
 
 
Fig. 2 Radiographic image at different spatial resolutions with the region of interest 
(black-outlined square) positioned on the same anatomical region: (a) 1270 dpi and 
(b) 2000 dpi 
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Fig. 3 Resulting cropped region of interest after digital processing for FD analysis: (a) 
Original; (b) Binarized; (c) Outlined 
 
 
Statistical analysis 
Using the SPSS version 24.0 software (IBM Inc., Chicago, IL, USA) the 
multivariate analysis of variance (MANOVA) test and post-hoc Tukey compared FD 
values between different conditions of spatial resolution, bit depth and digital image 
enhancement. The level of significance adopted was 5% (α=0.05). 
 
RESULTS 
Table 1 shows FD mean values of images under different conditions of spatial 
resolution, bit depth and digital image enhancement. There was no statistically 
significant difference between the FD values of 8- and 16-bit images (p>0.05). 
Regarding the spatial resolution, the FD values were significantly higher for images 
at 1270 dpi (p≤0.05), except for the Perio filter. 
Concerning the digital enhancement conditions, FD values were significantly 
greater for the Perio filter, followed by the Endo filter (p≤0.05). Fine filter and original 
images had significantly lowest FD values (p≤0.05) and did not differ significantly with 
each other (p>0.05). 
 
19 
 
Table 1. Mean values (standard deviation) of FD values according to spatial 
resolution, bit depth and image enhancement condition. 
Bit depth 
Enhancement 
condition 
Spatial resolution 
1270 dpi 2000 dpi 
8-bit 
Perio  1.75 (0.02)  a  1.75 (0.03) a  
Endo  1.71 (0.02) *b  1.68 (0.04) b  
Fine 1.65 (0.05) *c 1.57 (0.06) c 
Original image 1.64 (0.06) *c 1.56 (0.07) c 
16-bit 
Perio  1.75 (0.02)  a  1.76 (0.03) a  
Endo  1.72 (0.02) *b  1.68 (0.04) b  
Fine 1.65 (0.05) *c 1.57 (0.06) c 
Original image 1.64 (0.06) *c 1.57 (0.08) c 
*Significantly greater than 2000 dpi for the same enhancement condition and bit 
depth. Different letters in the same column and bit depth indicate significant 
difference between enhancement conditions. Bit depth did not show significantly 
differences (p>0.05). 
 
 
DISCUSSION 
Fractal dimension is an objective measurement to describe the complexity of 
bone tissue architecture, including shapes and structural patterns. Previous studies 
have indicated controversial results of this analysis for different diagnostic tasks; 
however, most of them have not followed a strictly standardized method. Geraets 
and van der Stelt (2000) [12] already stated that all stages in the “analytical chain” of 
FD have an impact in the assessment of bone, but they were mainly considering the 
wide range of methods and its variations for estimating the FD. Currently, analogue 
radiographic systems have been extensively replaced with digital systems, which 
adds even more stages to this chain and poses extra challenges for image 
standardization prior to FD analysis. 
Modern digital radiographic imaging systems can present two different 
technologies, which can be easily differentiated based on the type of the receptor: 
sensor or phosphor plate. Phosphor plate-based radiographic imaging systems have 
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many similarities with the analog system, with the greatest difference being the need 
for the scanning of the receptor after radiographic exposure. Scanners have different 
features according to the manufacturer and this results in images of varying 
specifications. 
Higher spatial resolution produces images of greater sharpness at increased 
file size. In the present study, except for the Perio filter, the lower spatial resolution 
(1270 versus 2000 dpi) resulted in significantly greater FD values. The influence of 
spatial resolution on FD analysis was also observed by Baksi and Fidler (2012) [16]; 
however, differently from the present study, higher spatial resolution led to increased 
FD values. Such difference can be possibly explained by the fact that Baksi and 
Fidler (2012) [16] made use of much lower spatial resolutions (397 and 651 dpi) than 
those of the present study (1270 and 2000 dpi), which may have resulted in a loss of 
information of the trabecular bone. The phosphor plate system we used allows for 
only two spatial resolutions; considering the lack of a gold standard for FD, further 
studies making use of a wide range of spatial resolutions are recommended to detect 
any potential correlation with FD values. Also, the action of automatic exposure 
compensation should be considered when comparing different systems because it 
has been demonstrated that image contrast can be differently affected [17]. 
In the present study, the bit depths tested did not significantly affect the FD 
values, which suggests that the complexity of the alveolar trabecular bone is not 
influenced by the grey scale. Therefore, we recommend using 8-bit images since less 
processing time and storage is required. To the best of the authors’ knowledge, no 
other study has assessed bit depth for FD analysis. Studies comparing different bit 
depths of digital radiographic systems for diverse diagnostic tasks concluded that 
higher values led to better structure differentiation [18–20]; however, these studies 
made use of subjective analyses, such as sensitivity and specificity, and evaluated 
different structures, such as teeth and dental materials. 
Currently, an extensive number of digital enhancement filters is available in the 
market of radiographic systems [21–23]. This is beneficial because it increases the 
possibility of image enhancement, but fairly limiting because filters are software-
specific, i.e. they are not standardized. The current methodology included filters from 
DBSWin software that the authors considered appropriate to the assessment of the 
alveolar trabecular bone: Perio, Endo and Fine. Irrespective of the spatial resolution 
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and bit depth, the Perio filter had the highest FD values, followed by the Endo and 
Fine, which did not differ from the original image without any filter. This reveals that 
some enhancement filters adjust the radiographic grey scale in such a way that 
affects the FD values. Considering the widespread use of tools for manipulating 
image characteristics in digital radiographic systems [13, 21, 24], the present study 
shows that importance should be given to the processing that the radiographic image 
may have passed when the bone complexity is analyzed through the FD. 
Interestingly, all image enhancement filters used in this study are categorized 
as high-pass filters, which increases the sharpness of the radiographic image [22, 
23]. In a recent study, Vidor et al. (2017) [22] made use of the Fourier transform to 
analyze the behavior of high and low frequency signals in the image using the same 
filters of the present study and observed that the Perio filter increases the 
participation of high frequencies while decreases the participation of low frequencies 
by 90%, the Endo filter by 80%, the Fine filter by 50% [22]. Thus, it is possible to 
observe that FD values increase linearly with increased sharpness and decreased 
smoothing. Additionally, as reported by the manufacturer of the DBSWin software, 
the Perio and Endo filters enhance structures of 2.5 and 3 lp/mm, respectively, with 
strong attenuation of low frequencies. Because the box-counting method for FD 
analysis considers the interface between the trabecular bone and bone marrow [7, 
12, 25, 26], the enhancement of bone trabeculation from the Perio and Endo filters 
must have been more impacting, causing a considerably increase in the FD values.  
The present methodology made use of a digital tool (Macro function) from the 
ImageJ software to ensure that the ROIs were exactly on the same location/position 
on the repeated radiographic images of the same anatomical region. However, it 
should be mentioned that, even making use of an apparatus to keep the same 
geometrical setup, the authors detected an unavoidable minimal shift of the images 
because the phosphor plate gets slightly loose in the cassette when scanning. 
Despite this limiting condition, the standard deviation of the FD values ranged from 
0.02 to 0.08 (coefficient of variation between 1 and 5%), which indicates no 
substantial influence on our results. Furthermore, such limitation represents the 
clinical scenario. 
Many studies in the scientific literature have assessed FD on panoramic 
radiographs. However, the present study made use of periapical radiographs for 
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being an imaging modality of higher spatial resolution and less image 
superimposition. Importantly, Bollen et al. (2001) [27] compared panoramic and 
periapical techniques and concluded that the latter leads to higher values of FD. 
The most relevant contribution of our outcomes to the scientific literature is the 
inclusion of additional steps for image standardization prior to FD analysis. Any 
further study on this topic should consider this in depth. As new technologies are 
developed and deployed, new studies are needed to verify if the outcomes from 
obsolete systems are still valid. 
 
 
CONCLUSION 
 Fractal dimension analysis is influenced by the spatial resolution and by some 
digital enhancement filters of radiographic images of the alveolar bone; therefore, 
image characteristics and processing should be standardized. 
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3 CONCLUSÃO 
 A análise de dimensão fractal é influenciada pela resolução espacial e alguns 
filtros de aprimoramento digitais de imagens radiográficas do osso alveolar; portanto, 
as características da imagem e processamento devem ser padronizadas para essa 
finalidade. 
. 
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Apêndice 1: Metodologia detalhada 
Este estudo foi realizado após a aprovação do Comitê de Ética e Pesquisa da 
Faculdade de Odontologia de Piracicaba da Universidade Estadual de Campinas 
(CAAE 88145018.1.0000.5418). 
 
Aquisição das imagens 
Dez mandíbulas humanas secas foram selecionadas para o presente estudo. 
Por meio da técnica do paralelismo, cinco repetidas radiografias periapicais foram 
realizadas em 20 regiões anatômicas de molares com auxílio de um dispositivo de 
acrílico que permitiu estabilizar a mandíbula e o receptor de imagem, e padronizar a 
posição do cilindro localizador do aparelho de raios X (Figura 1). Uma placa de 
acrílico com 2,4 cm de espessura foi colocada entre a fonte de radiação e a 
mandíbula para simular a atenuação dos tecidos moles. 
Todas as aquisições radiográficas foram feitas usando a mesma placa de 
fósforo de tamanho 2, com 30x40 mm pertencente ao sistema radiográfico digital 
VistaScan (Dürr Dental, Beitigheim-Bissingen, Alemanha) e o aparelho radiográfico 
FOCUS (Instrumentarium, Tuusula, Finlândia), ajustado para operar a 70 kVp, 7 mA, 
com tempo de exposição de 0,16 s e distância foco-receptor de 30 cm.  
Foram selecionadas, a partir do software DBSWIN (Dürr Dental), duas 
resoluções espaciais para o escaneamento da placa de fósforo: 1270 dpi (25 lp/mm) 
e 2000 dpi (40 lp/mm), resultando em 200 imagens radiográficas. 
 
32 
 
 
Figura 1 – Aquisição radiográfica utilizando o dispositivo de acrílico, placa de fósforo 
(VistaScan) na região de molares posteriores de uma mandíbula humana seca, placa de 
acrílico e o cabeçote do aparelho radiográfico (FOCUS) 
 
 
Aplicação de filtros de aprimoramento 
Para cada imagem original, três filtros de aprimoramento de imagem foram 
aplicados: Fine, Endo e Perio, resultando em 800 imagens. 
 
Exportação das imagens 
Posteriormente, todas as imagens foram exportadas em formato TIFF sob 
duas profundidades de resolução de contraste (8 e 16 bits), gerando, assim, 16 
condições de avaliação (Figura 2), o que resultou em um total de 1600 imagens 
radiográficas.  
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Figura 2 – Resultado final de imagens de uma repetição de uma mesma região anatômica 
com combinações das diferentes resoluções espacial e de contraste utilizadas, com as 
variações de condições de aplicação de filtros de aprimoramento 
 
 
 
 
  
 
 
 
 
 
 
 
 
Análise da Dimensão fractal 
Foi selecionada uma região de interesse (ROI) quadrangular de 240x240 
pixels para as imagens de 1270 dpi e de 377x377 pixels para as imagens de 2000 
dpi sobre o trabeculado ósseo alveolar, excluindo estruturas anatômicas como o 
espaço do ligamento periodontal, raízes dentárias ou canal mandibular. A diferença 
no tamanho da matriz de pixels de cada ROI entre as resoluções espaciais 
diferentes foi para proporcionar o mesmo tamanho em todas as imagens. A razão 
entre ambas as resoluções (2000/1270=1,57) foi utilizada para garantir a mesma 
localização e tamanho das ROIs nas imagens de diferentes resoluções espaciais. 
Após a determinação das ROIs, a função Macro do software de imagem de domínio 
público ImageJ versão 2.0.0, distribuição Fiji (Schhindelin et al., 2012; Rueden et al., 
2017) garantiu a sua reprodutibilidade em todas as imagens (Figura 3). Cada ROI, 
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após ter passado por binarização e delineamento (Figura 4), teve o valor de DF 
calculado por meio do software Image J e do plug-in FracLac (Karperien, 1999) 
através do método box-counting diferencial. O tamanho máximo da caixa foi 45% do 
tamanho da ROI, o tamanho mínimo da caixa foi dois e, a série de caixa foi linear 
(Baksi e Fidler, 2012) (Figura 5). 
 
Figura 3 – Seleção e posicionamento das ROIs da mesma região anatômica em resoluções 
espaciais diferentes: (a) 1270dpi e (b) 2000 dpi 
 
 
Figura 4 – Processo que cada imagem passou para que fosse calculada a DF: (A) Original; 
(B) Binarização; (C) Delineamento 
Binarização: Converte a imagem para preto e branco calculando o limiar da área 
selecionada através da fórmula: T = (B+O)/2. Sendo T o limiar dos tons de cinza para a 
binarização, B a média dos tons de cinza dos pixels do fundo da imagem, e O a média dos 
tons de cinza dos pixels do objeto na imagem. Delineamento: Gera um contorno de um pixel 
no objeto na imagem binária (NIH ImageJ, 2018). 
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Figura 5 – Painel para seleção dos parâmetros para calcular a DF no plugin FracLac 
 
 
Análise estatística 
 Utilizando o software SPSS versão 24.0 (IBM Inc., Chicago, IL, EUA) foi 
realizado o teste ANOVA multifatorial com post-hoc de Tukey sobre os valores de DF 
das ROIs das imagens adquiridas para avaliar a possível influência da resolução 
espacial, resolução de contraste e filtro de aprimoramento nos valores de DF. O 
nível de significância adotado foi de 5% (α=0.05). 
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ANEXOS 
Anexo 1: Parecer Consubstanciado do Comitê de Ética em Pesquisa 
(FOPUNICAMP)  
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Anexo 2: Relatório de originalidade pelo software Turnitin 
 
 
